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Two fungicides,  Aliette and ThiovitJet @ 0.15%, containing  Aluminum tris (O-ethyl phosphonate)  and
sulphur compounds, respectively;  two plant extracts,  Melia azedarach  and  Azadirachta indica @ 8%
and  one  biocontrol  agent,  Trichoderma  harzianum  @  107 conidia  ml-1  were  investigated  against
ascochyta blight  of  chickpea under  field conditions.  Treatments  were evaluated on three varieties
susceptible to  chickpea blight.  Field  trial  revealed that  Aliette and ThiovitJet significantly  decreased
disease severity to 17 and 23% respectively, followed by M. azedarach and A. indica which decreased
severity to 50 and 56% respectively, compared to control with 75% disease severity. T. harzianum, with
a severity of 63%, was significantly less effective than fungicides and both plant extracts in controlling
blight disease. The current research revealed that systemic and sulphur containing fungicides, both
plant extracts and the biocontrol agent have the potential to control ascochyta blight of chickpea.
Introduction
Chickpea (Cicer arietinum L.) is a vital legume crop of
the world, grown in more than fifty countries and is
on  third  position  in  production  after  dry  and  field
peas (1, 2). It is the source of high quality protein for
humans  and  its  crop  residues  are  being  used  for
animal  feed.  Chickpea  contributes towards  soil
fertility in cereal-legume crop rotations (3). Chickpea
are  the  most  cultivated  crop  among  legumes  in
Pakistan  with  annual  production  359  thousand  tons
(4). Ascochyta blight caused by Ascochyta rabiei (Pass.)
Lab.  (teleomorph:  Didymella  rabiei)  (Kovachevski)  v.
Arx,  is  a  serious  constraint  to  chickpea  production.
The  disease  can cause  complete  crop  loss  under  its
epiphytotic  occurrence (3).  Annually,  chickpea blight
causes heavy yield losses in Pakistan (5) and caused
serious economic losses during the 1980-84 epidemics
(6). 
Several fungicides have been reported effective in the
world  for  the  control  of  ascochyta  blight  but  their
repeated  applications  are  uneconomical  where
chickpea yield is  low (3,  7).  Antracol,  chlorothalonil,
maneb,  zineb,  penconazole,  propiconazole,
thiabendazole,  sulphur  based  fungicides  and  captan
have  been  reported  effective  to  avoid  secondary
spread of ascochyta blight (3). Recently, several plant
extracts,  viz.,  Aloe  vera, Magnolia  grandiflora and
Tagetes  erectus etc.,  have  been  tested  and  found
effective  against  many  plant  diseases  (8,  9).  Plants
have  secondary  metabolites  with  antifungal  activity
(10).  Similarly,  biocontrol  agents  Chaetomium
globosum,  Trichoderma  viride,  Acremonium
implicatum have  been  reported  in  vitro for  their
effectiveness against ascochyta blight (11, 12).  
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Most indigenous chickpea germplasm of Pakistan
is  susceptible  to  chickpea  blight  (13).  Under  these
circumstances, repeated applications of fungicides are
made to protect the crop (14). Sometimes, the number
of sprays may exceed to five time applications if the
weather  remains  conducive  to  disease  development
for a longer period of time or inappropriate fungicides
are applied (15). As a result, excessive use of chemicals
is  producing  new  pathotypes  and  polluting  the
environment.  As  residual  effects  of  these  fungicides
are  hazardous  to  health,  there  is  need to  select  the
most natural fungicides with eco-friendly alternatives
including  the  plant  extracts  and  biocontrol  agents,
which  may  reduce  the  use  of  chemicals  (9,  16).  By
including  the  most  suitable  fungicides  and  natural
sources,  a  sustainable  management  scheme  can  be
developed  to  prevent  future  epidemics  of  chickpea
blight and to avert problems associated with fungicide
use.  In vitro studies on the efficacy of plant extracts
and biological control agents against blight have been
reported (17, 18, 19). However, their effectiveness has
not been checked under field conditions according to
our best  information.  Hence,  the  present  study was
designed with an objective to evaluate the efficacy of
fungicides,  plant  extracts  and  a  biocontrol  agent
against chickpea blight in vivo conditions.
Materials and Methods
A preliminary experiment was conducted  in vitro to
find  most  effective  fungicides,  plant  extracts  and
biocontrol agent along with their best doses. 
Isolation,  purification  and  identification  of
A. rabiei 
Chickpea  blight  infected  pods  of  cultivar  Pb-1  were
collected  from  Ayub  Agricultural  Research  Institute
(ARRI)  located  near  to  University  of  Agriculture,
Faisalabad,  Pakistan.  The  pods  were  placed  in  a
refrigerator  at  5-8  °C  and  used  for  isolation  and
purification of A. rabiei (20).  A. rabiei was isolated on
chickpea seed meal agar medium (CSMA) containing
20 g l-1 chickpea seed meal, 20 g l-1 agar and 20 g l-1
glucose  by  the  standard  procedure  (20).  Pods  were
placed in forceps grip and heated on sprit lamp flame
in a way that outer surface of pods could be sterilized,
while  inner  pod layer  remains  undamaged.  Surface
sterilized pods were then opened and infected seeds
were  brought  out  from  the  pods  with  sterilized
forceps. Seven seeds were then placed in each petri-
dish (100 mm × 15 mm) containing autoclaved CSMA
medium and incubated at 20 ± 2 °C for 14 days (20).
When colonies of  A. rabiei formed around the plated
infected  material  on  CSMA  medium,  they  were
isolated,  and  purified  by  the  single  spore  culture
method (21).  
In  vitro  evaluation  of  fungicides  and  plant
extracts against A. rabiei
Five  fungicides  and  five  plant  extracts  (Table  1,  2)
were tested at 0.05, 0.10, 0.15 and 3, 5 and 8 percent
concentrations  respectively,  through  poisoned  food
technique  (23).  To  make  the  required  percent
concentrations of fungicides, amount of each fungicide
(50, 100 and 150 mg) was weighed and dissolved in 100
ml distilled  water.  For  the  preparation  of  aqueous
plant  extracts,  actively  growing  leaves/cloves  were
taken  and  surface  sterilized  with  1%  sodium
hypochlorite  solution,  then,  thoroughly  washed with
distilled sterilized water. After that, the material was
dried at 40 °C in an oven and then grinded in electric
grinder.  This  ground material  was  then  soaked  in
sufficient amount of sterilized water to get 20% W/V
concentration  of  aqueous  extract.  After  that,
concentrated  solution  of  plant  extracts  was  filtered
through muslin cloth and filter papers. Plant extracts
were  stored  at  4  0C  and  used  within  four  days  to
ensure  the  antifungal  efficacy.  The  required
concentrations of plant extracts were made in distilled
sterilized water (19). 
After  that,  petri-dishes  were  prepared  by
saturating  fungicides/plant  extracts  in  the  CSMA
medium in laminar  flow chamber to ensure aseptic
conditions (45). No fungicide/plant extract was applied
in control plates. Disks of 7 mm A. rabiei culture with
sterile  cork  borer  were  taken  and  punched  in  the
center of each CSMA plate containing fungicides/plant
extracts  and in control plates.  The plates were then
kept in an incubator at 20 ± 2 °C until full growth of A.
rabiei appeared  in  the  control  plate  (having  no
fungicide/plant extract) (Fig. 1). The present studies on
in  vitro bioassay  of  fungicides/plant  extracts  were
accomplished  using  completely  randomized  design
(CRD) with three replications within each treatment.
Percentage  inhibition  of  mycelium  growth  was
recorded by measuring colony diameter of treatments
and control plates by using following formula (46): 
In vitro evaluation of biocontrol agents against  A.
rabiei
Strains  PTF-0051  and  E58  of  biocontrol  agents
Aspergillus flavus and T. harzianum respectively were
evaluated  in  vitro against  A.  rabiei.  Strain  PTF-0051
was  purchased  from  Fungal  Culture  Bank  of
University  of  the  Punjab,  Lahore,  Pakistan,  while
strain  E58  was  kindly  provided  by  Biochemistry
Department,  University  of  Agriculture,  Faisalabad,
Pakistan. Spore concentrations 105, 106 and 107 conidia
ml-1, of these strains of biocontrol agents (A. flavus and
T. harziaum)  were made in distilled sterilized water
with  the  help  of  haemocytometer,  and effectiveness
was checked by dual culture assay (17). The biocontrol
fungal  strains  were  grown  on potato  dextrose  agar
medium in  petri-dishes  and incubated  at  25  °C.  For
dual culture, 7 mm disk of fungal culture of  A. rabiei
was taken and put on one side of the petri-plate, then
with sterilized syringe the required concentration of
antagonists was taken and placed on the other side of
the plate. The plates were then placed in incubator at
20 ± 2 °C until the full growth appeared in the control.
In this study, CRD design was used and each treatment
was replicated thrice. The percentage inhibition of  A.
rabiei was determined by following formula (44).
Percentage Inhibition   = C-T × 100
  C
C = Radial growth in control
T = Radial growth in treatment
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The data were subjected to analysis of variance
(ANOVA)  for  the  determination  of  main  and
interactive effects of treatments. For the comparison
of  means,  least  significant  difference  (LSD)  test  at
0.05 was used (28). 
Preparation of mass culture of A. rabiei
The  materials  used  for  the  preparation  of  mass
culture  of  A.  rabiei were  30  x  24  cm  size
polypropylene  bags,  2.5  cm  plastic  of  the  same
diameter,  cotton plugs and chickpea seeds and was
prepared  by  the  standard  method  (22).  For  this
purpose, chickpea seeds were soaked in tap water for
overnight,  after  that  spread  on  paper  towels  to
remove  free  moisture  and  were  surface  dried.
Surface dried seeds @ 500  gm bag-1 were placed in
polypropylene  bags  and  open  end  was  fixed  with
cotton plugs.  These bags were autoclaved at 121  oC
and 138 KPa for 30 min, again sterilized after 24 h,
and inoculated with three or four 6 mm agar plugs
from  a  14  day  old  culture  (having  maximum
sporulation  1  ×  106 conidia/ml)  of  A.  rabiei  (22).
Streptomycin (50 mg) was mixed with the autoclaved
seeds  to  avoid  bacterial  contamination.  These
cultures were then incubated at 20 ± 2 °C for 10 days
for further growth of the pycnidial culture of A. rabiei
(22).  
Evaluation  of  fungicides,  plant  extracts  and
biocontrol  agent  against  A.  rabiei  under  field
conditions
The  most  effective  fungicides,  plant  extracts  and
biocontrol agent and their most effective doses, were
evaluated  under  filed  conditions.  The  treatments
used  in  the  present  study  under  field  conditions
were: T0 = Control (water),  T1 =  Aliette (0.15%), T2  =
ThiovitJet, (0.15%), T3 = M. azedarach (8%), T4 = A. indica
(8%), T5 = T. harzianum (107 conidia/ml-1). 
The study was conducted at the research area of
University  of  Agriculture,  Faisalabad,  situated  in
semi-arid  climate  of  province,  Punjab,  Pakistan
(73°74 East, 30°31.5 North and 184 m above sea level).
The research area is used for research trials on which
different crops are grown. Previously sown crop on
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Table 1. Details of fungicides used in research trials
Sl. No. Trade Name Common Name Chemical Group Active Ingredient Formulation Manufacturer





Bayer Crop Science, 
Karachi, Pakistan













FMC United Private 
Limited, Lahore, Pakistan
4.
Nativo  WG 






Bayer Crop Science, 
Karachi, Pakistan
5. Antracol  Propineb Ethylenebisdithiocarbamates Propineb 700 g/kg Wettable powder Bayer Crop Science, 
Karachi, Pakistan
Table 2. Plant materials used against A. rabiei
Sl. No. Common Name Botanical Name Family Parts used
1 Neem Azadirachta indica A. Juss. Meliaceae Leaves
2 Garlic Allium sativum L. Alliaceae Cloves
3 Datura Datura stramonium L. Solanaceae Leaves
4 Bakain Melia azedarach Meliaceae Leaves
5 Ak, Akund Calotropis procera Wild.  Drayandex. W. Ait. Asclepiadiaceae Leaves
Fig. 1. Inhibition of colony growth of A. rabiei by two fungicides using poisoned food technique.
this area was cotton. Prior to conducting this study,
basic soil characteristics were determined (sand 45%;
silt  31%;  clay  23%;  texture  class  was  loam;  bulk
density  1.45  Mg  ha-1;  saturated  soil  water  content
45%;  soil  effective  porosity  40%;  and  soil  organic
carbon  1.90  g  Kg-1).  Recommended  agronomic
practices  were  performed  during  the  course  of
experiment (26). Three chickpea varieties,  CM-2000,
CM-98 and Pb-1, highly susceptible to chickpea blight,
were  sown  in  Randomized  Complete  Block  Design
(RCBD) with three replications during both trials (Fig.
2). Each line was sown in row of 3 meter length with
row to row and plant to plant distance of 30 cm and
15 cm, respectively. In each block, there were 16 rows
of one variety, 15 for treatments and one as a control.
All  the  blocks  were  sprayed  with  inoculum  of  A.
rabiei  (5  ×  105 conidia/ml-1) until  the  epidemic
conditions prevailed in the blocks  (Fig. 3) (47). After
that, the solutions of fungicides Aliette and ThiovitJet
were prepared by dissolving 1.5 gm of each fungicide
in one liter of water. Similarly, 80 ml filtrate solution
of both plant extracts of  M. azedarach and  A. indica
was taken from the refrigerator which were stored at
4 °C and dissolved in one liter of sterilized water to
make required formulations. When disease started to
appear on 10 weeks old plants, the treatments were
applied  with  a  knapsack  sprayer.  Three  treatment
sprays were applied at an interval of seven days on
each variety in each block in such a way that first five
rows were sprayed with all treatments first,  second
five  rows after  seven days  and last  five  rows after
fourteen days.  Only distilled water was sprayed on
the  control.  The  disease  severity  index  (DSI)  was
calculated for 10 plants per replicate at maturity by
the standard formula (48). 
DSI (%)=  Total of all rating s           x               100           __
              No. of plants examined      Max. disease rating
Disease  ratings  of  chickpea  blight  disease
severity were taken using a 1-10 modified rating scale
(26)  (Table  9). Data  was  subjected  to  ANOVA  to
determine  the  main  and  interactive  effects  of
treatments  while  LSD  test  was  used  to  assess  the
significance of differences between treatment means
(28).  During  current  research  statistical  software
Minitab ver.17 was used (49).
Results and Discussion
ANOVA  of  in  vitro evaluation  of  fungicidal
treatments  indicated  that  the  individual  effects  of
treatments  and  concentrations  were  significant.
Two-way  interactive  effects  of  treatments  and
concentrations  were  also  significant  (Table  3).
Fungicides at concentrations, i.e., 0.05%, 0.01% and
0.15%,  significantly  decreased colony growth of  A.
rabiei compared to  control.  Out  of  five  fungicides,
two  fungicides  Aliette  and  Thiovit Jet were
significantly  superior  to  other  fungicides.  Aliette
inhibited colony growth to  87% at 0.15%, to 84% at
0.10% and  to  81% at  0.05% respectively.  Similarly,
ThiovitJet exhibited 83% inhibition at 0.15% than 0.10
(78%)  and  0.05  (74%)  respectively.  Fungicide
Antracol  was  found  significantly  less  effective
against  A.  rabiei compared  to  other  treatments  at
different concentrations (Table 4). 
ANOVA of  in vitro evaluation of  plant  extracts
showed that the individual effects of treatments and
concentrations were significant. Two-way interaction
between  treatments  and  concentrations  was  also
significant  (Table  5).  Plant  extracts  at  different
concentrations  significantly  affected  colony growth.
Plant  extracts  of  M. azedarach and  A.  indica
performed the best compared to other plant extracts.
M. azedarach and  A.  indica at  2%,  3%  and  8%
concentrations inhibited colony growth of A. rabiei to
37%,  42%  and  47%  and  20%,  25%  and  36%,
respectively  (Table  6).  Plant  extracts  of  A.  sativum
and  D.  stramonium remained  second  good.
Significantly less percentage inhibition of colony was
recorded  in  terms  of  C.  procera.  All  plant  extracts
were  significantly  more  active  at  their  higher
concentrations (Table 6). 
ANOVA  of  in  vitro evaluation  of  biocontrol
agents  showed that  individual  effects  of  treatments
and  concentrations  of  biocontrol  agents  were
significant.  Interactive  effects  of  treatments  and
concentrations  were also  significant  (Table  7). Both
biocontrols,  T.  harzianum and A.  flavus,  showed
significantly  more  inhibition  of  colony  growth  at
higher  spore  concentrations  than  low  (Table  8).
Ascochyta flavus at spore concentration of 107 conidia
ml-1  and  T.  harzianum at  106  conidia ml-1showed
statistically  same  (P  ≤  0.05)  percent  inhibition.  T.
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Fig. 2.  Field experiment for the evaluation of fungicides, plant
extracts and biocontrol agent against A. rabiei.
Fig. 3.  Comparison of healthy and infected plants.
harzianum at  spore  concentrations  105,  106 and  107
conidia ml-1 inhibited colony growth to 17%, 28% and
41%,  respectively.  While,  A.  flavus at  spore
concentrations of 105, 106 and 107 conidia ml-1 showed
9%,  20%  and  30%  decrease  in  colony  growth
respectively. 
ANOVA of field evaluation of treatments under
field  conditions  showed  that  two-way  interactive
effects of years and treatments, sprays and varieties,
sprays and treatments and varieties and treatments
were also significant.  However, two-way interactive
effects  of  years and sprays and years and varieties
were not significant. Three-way interactive effects of
years, varieties and treatments and sprays, varieties
and  treatments  were  significant  but  three  way
interactive effects of years, sprays and varieties and
years,  sprays  and  treatments  were  not  significant.
Four-way  interactive  effects  of  years,  sprays,
varieties  and  treatments  were  also  not  significant
(Table 10).
Disease  severity  was  significantly  reduced  by
fungicides  i.e.  Aliette  (17%)  and  Thiovit Jet (23%)
followed by two plant extracts  M. azedarach and A.
indica reduced  disease  severity  by  50%  and  56%,
respectively compared to control  (75%).  Biocontrol
agent  i.e.  T.  harzianum was  significantly  less
effective (63%) in controlling blight disease severity
compared  to  fungicides  and  both  plant  extracts
(Table 11).
Three way interactions among treatments, years
and sprays showed that treatments inhibited disease
severity significantly as compared to control in both
years. There was statistically significant difference in
disease  severity  control  by  different  treatments
(Table 12). Significant disease control was observed
in second year trial by all treatments than first year
trial.  Fungicides  proved  best  during  both  years
followed  by  both  plant  extracts  and  a  biocontrol
agent (Table 12). Three-way interaction revealed that
disease severity decreased with increasing number of
sprays  (Table  12). Effect  of  Aliette,  ThiovitJet,  M.
azedarach and  A. indica on disease severity control
was  not  statistically  similar  at  different  sprays.
However, effect of  T.  harzianum at second and third
spray was statistically significant at par. Third spray
of  all  treatments  controlled  disease  severity
significantly as compared to first  and second spray
(Table 12).
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Table 9. Chickpea blight disease rating scale
Infection (%) 1-10 Point scale Symptoms Reaction
1-10 1-<2 No infection or small lesions Highly resistant
11-20 2-<3 Some stem lesions  -minor stem breakage  in upper foliage  Resistant
21-30 3-<4 One or two branches broken. Several girdling stem lesions low down
on some branches
Resistant
31-40 4-<5 Large  basal  stem lesions  or  several  branches  broken near  to  main
stem
Moderately resistant
41-50 5-<6 Half foliage dead Moderately resistant
51-60 6-<7 Half foliage dead, but young shoots still actively growing from base Moderately susceptible
61-70 7-<8 Most foliage dead. Some healthy stem tissue with lateral buds Susceptible
71-80 8-<9 Most foliage dead, no healthy lateral buds in leaf axils Susceptible
81-90 9-<10 Most foliage dead, decreasing areas of living stem tissue Highly susceptible
91-100 10 Plants completely dead Highly susceptible
Table  3.   ANOVA  for  the  effect  of  different  concentrations  of
fungicides on colony growth inhibition of A. rabiei
S.O.V DF SS MS F Pr> F
 Replication 2 11.0   5.5
Treatments 4 4291.2 1072.8 626.21 0.0001*
Concentrations 3 52843.0 17614.3 10281.6 0.0001*
Treatments ×   
Concentrations 
12 1795.5 149.6 87.34 0.0001*
Error 38 65.1 1.7
Total 59 59005.9
*Significant  at  0.05  difference;  CV  =  5.27; Ns  =  non-
significant;  DF  =  Degree  of  freedom;  SS  =  sum  of  squares;
MS = Mean square
Table  4.  Evaluation  of  different  concentrations  of  five




T1=CabrioTop 53*  i 62  h 75   f
T2=ThiovitJet 74   e 78  d 83  b
T3= Aliette 81   c 84  b 87  a
T4=Antracol 43   k 48   j 63  g
T5=Nativo 63   g 65  g 70   f
Untreated 0.0   l 0.0  l 0.0  l
LSD value = 3.32; Mean values sharing similar letters in a column
do not differ significantly as determined by the LSD test at 5% level
of probability
Table 5.  ANOVA for the effect of different concentrations of plant
extracts on colony growth inhibition of A. rabiei
  DF SS MS F Pr> F
 Replication 2 7.7 3.87
Treatments 4 5407.7 1351.92 522.89 0.0001*
Concentrations 3 5566.3 1855.44 717.65 0.0001*
Treatments ×   
Concentrations
12 1922.6 160.22 61.97 0.0001*
Error 38 98.2 2.59
Total 59 13002.6
*Significant  at  0.05  difference;  CV  =  10.20; Ns  =  non-
significant;  DF  =  Degree  of  freedom;  SS  =  sum  of  squares;
MS = Mean square 
Table  6.   Evaluation  of  different  concentrations  of  five  plant




T1= M. azedarach 37* c 42   b 47  a
T2= A. indica 20   e 25   d 36  c
T3= A. sativum 13   g 19   f 24  e
T4= D. stramonium 10   h 14   g 15  f
T5= C. procera 5.    i 7     ij 8    hi
Untreated 0.0  k 0.0  k 0.0 k
LSD value = 2.97; Mean values sharing similar letters in a column
do not differ significantly as determined by the LSD test at 5% level
of probability
Three  way  interactions  among  treatments,
varieties  and  sprays  indicated  that  control  of
chickpea blight disease severity at spray first, second
and third of fungicides on varieties CM-2000 and Pb-1
was  statistically  at  par  except  CM-98  (Table  13).
While, effects of both plant extracts and a biocontrol
agent  on  chickpea  blight  disease  control  were
statistically not at par on three varieties. Fungicides
proved best in reducing disease on all three varieties
followed  by  plant  extracts  compared  to  control.  T.
harzianum  was found significantly less effective on
three varieties in controlling disease severity  (Table
13). 
Significant control of chickpea blight by Aliette
fungicide in  vivo  conditions  is  due  to  its  systemic
ability which allowed this fungicide to kill the fungus
in  established  infection.  This  is  in  line  with  the
findings  of  (20,  26,  29-31).  During  this  study,
maximum  control  of  chickpea  blight  was  obtained
using  three  foliar  applications  of  Aliette.  It  was
reported  that  with  fewer  applications  of  curative
systemic  fungicides,  ascochyta  blight  can  be
controlled  effectively  on  chickpea  crop  (50).
Successful  control  of  ascochyta  blight  through  this
systemic fungicide might also have resulted because
of  its  good  translocation  into  tissues  of  the  host.
Previous  researches  have  shown  that  only  those
systemic  fungicides  perform  well  which  show
movement  into  newly  developed tissues  (34).  Thus,
the  present study  recommends  that  continuous
efforts  should  be  made  to  look  for  those  systemic
fungicides  which  show  more  translocation  in  the
system of the plant.  Similarly,  ThiovitJet with three
applications  also  effectively  controlled  the  disease;
and is attributed to the antifungal activity of its active
ingredient  sulphur  (35).  Sulphur  containing
fungicides  are  affective  against  chickpea  blight  (3),
and avoid resistance in fungal pathogens due to their
multiple  site  mode  of  action  (35).  Thus,  present
management  programme  suggests  use  of  systemic
fungicides with rotation of sulphur based fungicides
to control chickpea blight.  
Disease  control  by  plant  extracts  may  be
ascribed  to  their  ability  of  inducing  Systemic
Acquired Resistance (SAR) (36). Foliar application of
A. indica produces  SAR  effectively  in  chickpea
cultivars against ascochyta blight (37). Plant extracts
may also control the disease by different antifungal
compounds which they contain. It was found that M.
azedarach contained  benzoic  acid,  ursolic  acid,
maesol,  3,5  dimethoxybenzoic  acid,  ß-sitosterol  and
ß-amyrin which were highly toxic to chickpea blight
fungus  (9).  Similarly,  from  A. indica,  obacunone,
nomilin,  limonoids  and limonin have been isolated
and proved to  be  effective  against  different  insects
and  fungi  (38).  Botanical  extracts  also  contain
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Table  7. ANOVA  for  the  effect  of  different  concentrations  of
biocontrol agents on colony growth inhibition of A. rabiei
S.O.V DF SS MS F Pr> F
 Replication 2 43.28 21.64
Treatments 1 296.18 296.18 85.58 0.0001*
Concentrations 3 4026.87 1342.29 387.86 0.0001*
Treatments ×  
Concentrations
3 108.93 36.31 10.49 0.0007*
Error 14 48.45 3.46
Total 23 4523.71
*Significant  at  0.05  difference;  CV=  10.21; Ns  =non-
significant;  DF  =  Degree  of  freedom;  SS  =  sum  of  squares;
MS = Mean square
Table  8. Evaluation  of  different  concentrations  of  two
biocontrol agents against colony growth of  A. rabiei
Treatments Dose % Inhibition
T1= A. flavus 1x105 conidia   mL -1 9*   d
T2= A. flavus 1x 106conidia   mL -1 20   c
T3= A. flavus 1x 107conidia   mL -1 30   b
T4= Untreated 00 0.0 e
T1= T. harzianum 1x 105 conidia  mL -1 17   c
T2= T. harzianum 1x 106conidia   mL -1 28   b
T3= T. harzianum 1x 107conidia   mL -1 41  a
T4= Untreated 00 0.0  e
LSD value = 4.43; Mean values sharing similar letters in a column
do not differ significantly as determined by the LSD test at 5% level
of probability
Table  10.  ANOVA  of  fungicides,  plant  extracts  and  biocontrol
agent to control chickpea blight disease under field conditions
Source of 
variation
DF SS MS F P
Replication 2 103 51.4
Years 1 1985 1985.2 452.65 0.0001*
Sprays 2 5280 2639.8 601.92 0.0001*
Varieties 2 12418 6209.0 1415.75 0.0001*
Treatments 5 142248 28449.6 6486.93 0.0001*
Years x sprays 2 14 7.05 1.60 0.2111ns
Years x Varieties 2 1 0.5 0.10 0.9011ns
Years x  
Treatments
5 517 103.4 23.58 0.0001*
Sprays x 
Varieties
4 665 166.2 37.90 0.0026*
Sprays x 
Treatments
10 1379 137.9 31.44 0.0001*
Varieties x 
Treatments
10 4451 445.1 101.49 0.0001*
Years x Sprays x 
Varieties
4 11 2.7 0.62 0.6492ns
Years x Sprays x 
Treatments
10 73 7.3 1.67 0.0886ns
Years x Varieties 
x Treatments




20 270 13.5 3.08 0.0001*
Years x Sprays x 
Varieties x 
Treatments
20 46 2.3 0.52 0.9555ns
Error 214 939 4.4
*Significant  at  0.05  difference;  CV=  14.41; Ns  =non-
significant;  DF = Degree of  freedom; SS = sum of squares;
MS = Mean square
Table  11.  Evaluation  of  fungicides,  plant  extracts  and
biocontrol  agent  to  control  chickpea blight  disease under
field conditions
Sl. No. Treatments
Mean values of chickpea
blight percent disease
severity
T1 Aliette @ 0.15% 17±0.56f*
T2 ThiovitJet @ 0.15% 23±1.25e
T4 M. azedarach  @ 8% 50±3.89d
T3 A. indica A. Juss.@ 8% 56±4.47c
T5 T. harzianum @ 1x 107 63±1.11b
T0 Control 75±0.67a
L.S.D. 1
*Means  with  similar  letters  are  not  significantly  different  at
P = 0.05
secondary  metabolites  which  are  antifungal  and
restrict the mycelial growth of the fungi (39). 
Disease control by biocontrol agent  T. harzianum
may be due to the enzymes produced by this biocontrol
agent.  Chitinase β-1,  3-glucanase,  protease and xylase
have been reported to be produced by biocontrol agents
(40,  41).  While,  under  field  conditions,  biological
organisms  confer  resistance  in  plants  by  stimulating
their defense mechanisms and thus, play role in disease
control (42). 
Conclusion
The  current  research has  shown that  systemic  and
sulphur  containing  fungicides  can  be  used  for
curative  applications  to  control  chickpea  blight.
Further,  mild  severities  of  chickpea  blight  can  be
controlled using plant extracts and biocontrol.
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